Abstract This group of biologically diverse entities is united by topographic localization to the hands and feet. Categorizing tumors by body site narrows the differential into a short list of possibilities that can facilitate accurate and rapid diagnosis. The goal of this review is to provide a practical approach to soft tissue tumors of acral locations for clinicians, pathologists, and researchers alike. What ensues in the following text is that tight coupling of the clinical picture and histopathologic findings should produce the correct diagnosis, or at least an abbreviated differential. The salient clinicopathologic, immunohistochemical, and molecular features are presented alongside current treatment recommendations for each entity.
Introduction
The entities presented herein are categorized on the basis of morphogenesis (where possible) and by biologic potential as benign, intermediate, and malignant neoplasms.
Fibrous and related tissues: Benign lesions
The ontogenetic classification of benign lesions reflects apparent fibroblastic or fibroblast-like morphogenesis. More specifically, these are proliferations of varying proportions of fibroblasts or dendritic stromal cells. Demystification of the topic of dermal dendritic cells is forthcoming, but for the purposes of this review, they can be divided into CD34 + and FXIIIa + groups. They are histologically similar to fibroblasts, which are characterized by a spindled to stellate cell shape with delicate, amphophilic cytoplasm, oblong nucleus with fine chromatin, and one or two dotlike nucleoli (as seen in Figure 1B ). Fibroblasts lack a specific immunophenotype, but when activated, they express smooth muscle actin (SMA) and are deemed "myofibroblasts." 1 The tumors under this heading express combinations of CD34, FXIIIa, and SMA. The synthesis of collagen by fibroblasts translates to a fibrous consistency that clinically imparts a firm texture on palpation, and, macroscopically, a gray-white or white-tan cut surface. The entities discussed next have no metastatic potential; that is, simple excision is adequate.
Fibroma of tendon sheath
Also known as tenosynovial fibroma, compared with other tumors under this heading, fibroma of the tendon sheath involves the deepest tissue plane (tendons). A wide age range is affected, but there is a predominance between the third and fifth decade. Men are more often affected. Lesions involve tendons of the fingers (49%)-especially the thumbfollowed by the hands (21%) and the wrist (12%). Patients present with a slow-growing, mildly tender mass reaching a size no greater than 2 cm. The most common clinical diagnosis is a ganglion cyst. In up to one in five cases, the tumor may recur. 2, 3 Microscopic examination discloses a wellcircumscribed collagenous lesion with a rather low concentration of spindle cells (Figure 1) . Occasionally, the spindle cells configure in a C or S-shaped pattern, reminiscent of nodular fasciitis. The most emphasized finding is slitlike, elongated lined clefts or vessels at the periphery, but this feature is not invariable. Immunohistochemically, SMA expression is expected. 4 Limited molecular data have found the same t(2;11) translocation as desmoplastic fibroblastoma, 5, 6 supporting a neoplastic process, but some researchers still favor a reactive pathogenesis. 7 Acral angiofibromas: Fibrokeratomas Acral angiofibromas are a clinically divergent group united by their microscopic features. The literature has permitted an unnecessarily large number of terms for the same entity, such as "acquired digital fibrokeratoma," "acquired periungual fibrokeratoma," and the fanciful "garlic clove fibroma." 8 Even the fibromas associated with tuberous sclerosis have claimed a space therein. [9] [10] [11] Clinically, these lesions usually present as a single dome-shaped or hornlike lesion several millimeters in diameter (Figure 2) , with a preference for the fingers. Multiple or multilobulated fibromas may occur in tuberous sclerosis and can be subungual or periungual. They may be diagnosed clinically as cutaneous horns or supernumerary digit, but the latter is usually identified at birth at the base of the fifth digit.
Light microscopy reveals a hyperkeratotic and acanthotic epidermis overlying a thick core of fibrotic dermis. The dermal collagen is oriented perpendicularly to the epidermis. Numerous thin-walled vessels are usually found. Stellate fibroblastlike cells are dispersed throughout and can be quite prominent ( Figure 3 ). These lesions lack nerve twigs, unlike supernumerary digits. Immunohistochemistry indicates some FXIIIa expression. Molecular genetic data are lacking, but rare cases have been associated with Rb aberrations. 9, 10, 12, 13 Various techniques have been proposed for excising difficult lesions. 11 Fibro-osseous pseudotumor of digits Fibro-osseous pseudotumor of digits may become absorbed by the umbrella term myositis ossificans, to which it is microscopically nearly identical. 14, 15 Notwithstanding the foregoing, it is discussed here in keeping with the traditional literature. Fibro-osseous pseudotumor of digits is a fast-growing, often painful lesion presenting as a fusiform swelling in the proximal phalanx of the index or middle finger in a young adult. Very rarely is the toe affected. There is often a history of trauma, but most patients experience pain regardless. The clinical differential may include exostosis, and in unusual, ulcerated cases, more exotic possibilities may be considered. [16] [17] [18] Cut surface is red-tan and has gritty calcifications, unlike the other fibrous tumors in this category. The microscopic appearance is of a subcutaneous, multinodular, fibroblastic proliferation arranged in short, haphazard fascicles merging with irregular spicules of woven bone (Figure 4) . The bone is lined by osteoblasts. Mitotic figures can be numerous. Lesional cells express some SMA. 14 The molecular genetics are unknown.
Superficial acral fibromyxoma
The entity known as "cellular digital fibroma" is presumed to be the same tumor as superficial acral fibromyxoma, an assumption also endorsed by the most recent World Health Organization classification. 19 Patients present with a slow-growing, solitary lesion that may be painful. A wide age range is affected without a clear gender proclivity. More than 80% affect the digits, of which almost all arise in close proximity to the nail. The palms and soles can also be involved ( Figure 5 ). The clinical diagnosis is often fibroma or wart. In up to one in five cases, the lesion may recur. 20, 21 Microscopic examination reveals a dermal or subcutaneous proliferation composed of bland spindle and stellate cells within a myxoid or collagenous stroma with prominent vessels and mast cells. Cells are arranged in random, loose storiform and fascicular growth patterns ( Figure 6 ). On inspection, the lesion may appear neural or fibrohistiocytic, which justifies the use of immunohistochemistry. The pattern of CD34 expression in this tumor is rather distinctive. CD34 expression pattern alone narrows the differential substantially when it comes to soft tissue tumors, so its expression in an acral tumor fitting the description given here assuredly clinches the diagnosis. The molecular underpinnings have yet to be determined, but sequencing studies have failed to reveal the aberrations of GNAS1 found in intramuscular or cellular myxomas. 20 
Fibrous and related tissues: Intermediate lesions
The intermediate lesions rubric encompasses the fibromatoses, defined as "nonmetastasizing fibrous tumors which tend to invade locally and recur after surgical excision." 22 The key constituent cell is the myofibroblast, which was introduced earlier as an activated fibroblast expressing SMA. As the cytoplasm accumulates actin filaments, the cell borders become rigid, and cell shapes vary from bipolar to triangular ( Figure 7 ). The nuclear features change slightly from that of the fibroblast, becoming larger and rounder. 1 The gross appearance of the tumor is expectedly similar to that of the aforementioned fibrous tumors. Among the fibromatoses discussed herein, it is convenient to regard palmar-plantar fibromatosis as the prototype and to regard the others as its derivatives, with key differences highlighted here. All of these have variable numbers of mitotic figures, and they are inconsequential. Due to their intermediate tumor biology, complete excision is recommended. Discussed separately within this category is the giant cell tumor of tendon sheath.
Palmar-plantar fibromatoses
Palmar (Dupuytren) and plantar (Ledderhose) fibromatoses affect the volar acral surfaces in adults older than 30, men more so than women. Tumors usually begin as painless subcutaneous nodules or thickenings that expand to form cordlike indurations between digits, ultimately culminating in contracture of digits (hands N feet). Palmar lesions tend to affect the volar aspects of the fourth and fifth digits, whereas plantar lesions tend to involve the medial aspect of the arch. Bilateral involvement occurs in roughly half of patients. Selective fasciotomy is the treatment of choice. 23, 24 Excision of these lesions reveals a collection of small nodules within the subcutis and aponeurosis, with a yellow-tan appearance for younger lesions and a gray-white appearance for older ones. This agedependent difference in appearance reflects the tumor composition on light microscopy, further illustrated in Figure 7 . Younger lesions have increased cellularity and more activated fibroblasts or myofibroblasts, compared with the more densely collagenized (often hyalinized) older lesions containing more senescent fibroblasts. The most characteristic architecture consists of sweeping fascicles of myofibroblastic cells, which often infiltrate surrounding tissues at the periphery. Slender, perpendicular vessels are common. Mitotic activity should be limited. 25, 26 The differential diagnosis depends on the age: The early or proliferative phase can mimic nodular fasciitis (ie, have tissue culture-like regions); later, burned out lesions are more collagenous and resemble fibromas because they are paucicellular and collagenized. Nuclear expression of β-catenin is found in roughly half of cases. 27 Molecular testing for the nodular fasciitis translocation can be helpful in some cases, especially if the clinical history is ambiguous.
Inclusion body fibromatosis
The World Health Organization's preferred term is inclusion body fibromatosis (IBF), 19 although several other names are enmeshed within the pathology lexicon, including "infantile digital fibroma/fibromatosis" 24, 28 and the eponymous Reye tumor. The various names signal attempts to capture the most distinctive feature, which is considered to be the inclusion body. This entity could arguably be considered in the benign category given its potential to regress, but there is also substantial recurrence potential. In fact, a study of 69 patients with long-term follow-up found that 74% of patients experienced persistence or recurrence. 28 Tumors affect the dorsolateral aspect of middle to distal digits II to IV in infants without a gender preference, sparing the thumb and great toe for mysterious reasons. Involvement of the dorsal surface is unique compared with the other fibromatoses discussed here. They are asymptomatic, dome-shaped or polypoid, firm, reddishpink nodules, sometimes with synchronous or metachronous lesions on different digits. The lesions often grow slowly during the first month, followed by explosive growth over the next year. 29 Low-power microscopic examination yields a fibromatosis-like fibrocollagenous proliferation, with the key difference being detectable only at higher power. The moniker of this tumor is the presence of distinctive eosinophilic (hyaline) cytoplasmic inclusions ( Figure 8 ). For some lesions, observation is an acceptable alternative to complete excision. 28 
Calcifying (juvenile) aponeurotic fibroma
The original description of calcifying (juvenile) aponeurotic fibroma included a small number of cases arising on the palms and soles of children 30 ; since then, a significant number of reported cases have arisen in older ages and at nonacral body sites. [31] [32] [33] The tumor presents as a solitary, asymptomatic, poorly circumscribed, fixed, firm mass that does not adhere to the skin or cause contractures. 30 Calcifications can be seen on x-ray examination and can be detected grossly as a gritty texture. 24 The histopathologic picture is that of a fibromatosis-like lesion with two major differences 1 : islands of calcification that are surrounded by 2 plumper, relatively epithelioid cells (Figure 9 ). Lesional cells may appear to grow in a continuous, sheetlike plane. There may be cartilaginous regions and a giant cell accompaniment. 30 Molecular underpinnings have not yet been elucidated.
Giant cell tumor of tendon sheath (localized type)
Also called nodular tenosynovitis, giant cell tumor of tendon sheath (localized type), a so-called fibrohistiocytic tumor, exhibits fibroblast-like and histiocyte-like cells. The fibrous component permits placement under this heading of "fibrous and related tissues." The term giant cell tumor of tendon sheath (GCTTS) has evolved to encompass this tumor and the more aggressive diffuse type (pigmented villonodular synovitis) after discovery of a common pathogenesis (discussed later). The localized type of GCTTS affects the hands-especially the tendons of fingers-in the vast majority of cases. Most patients are adults, usually women, presenting with a slow-growing, usually painless swelling measuring a couple of centimeters. Macroscopic examination reveals a partial fibrous capsule surrounding a gray-white (fibrous) to yellowtan well-circumscribed nodule or mass. Histopathologic findings are characteristic, consisting of 1 background osteoclastlike giant cells, xanthoma cells, and hemosiderin, and 2 the main feature, a dual cell population of histiocyte-like cells and larger cells with vesicular nuclei, discussed further in Figure 10 ; these have some desmin expression. Recognition of these latter cells allows distinction from giant cell reparative granuloma, a close histologic mimic. The remaining tumor cells have variable CD68 expression. As alluded to earlier, a signature translocation underlies this neoplasm, consisting of a COL6A3-CSF1 gene fusion (translocation of chromosome 1 p13). GCTTS recurs approximately 20% of the time in a nondestructive fashion. Typically, a conservative excision with a surrounding rim of normal tissue is adequate. 4, 19, 24, 34, 35 Vascular and related tissues
Acral angioosteoma cutis
The nosology of the so-called acral angio-osteoma cutis is rather contentious because it may not be a clinicopathologic entity sui generis as much as a derivative of pyogenic granuloma or a fibro-osseous lesion. This uncertainty provides a plausible explanation for its underrepresentation in major literature reviews and textbooks. Since the introduction of the term in 2006 for a series of 11 cases, at least 3 additional cases have been reported under this name. [36] [37] [38] These lesions occur on any acral site and are often periungual. They clinically and microscopically resemble pyogenic granuloma, with many having ulceration and epidermal collarettes. The main differences microscopically are diffuse rather than lobular proliferation of capillary-sized vessels, and presence of spicules of woven bone with or without osteoblasts or osteoclasts (Figure 11) . The histopathologic findings superficially resemble fibro-osseous pseudotumor of digits, but they are readily distinguished by capillary content and fibrous components. Immunohistochemical and molecular data are lacking. The reported cases have had benign outcomes.
Glomus tumor
Glomus tumors are notoriously painful and do not discriminate by age or gender. Most are small (~1 cm) violaceous nodules ( Figure 12 ). The classic presentation of a glomus tumor consists of a triad of spontaneous pain (80%), point tenderness (100%), and cold sensitivity (63%). 39 Several clinical tests have emerged as sensitive and specific tools for diagnosing glomus tumor, including a pin test, 40 a cold-sensitivity test, 39 and the so-named Hildreth test. 41 These tests assess levels of pain in response to external stimuli such as direct pressure, cold temperature, or alteration of blood flow. Dermatoscopic examination may find numerous ramifying vessels within a homogeneous red-blue tumor. 42, 43 Although these tools can sharpen the clinical diagnosis, they cannot replace histopathologic examination.
Glomus tumors recapitulate, to varying degrees, the glomus apparatus normally present within the dermis at acral sites. The glomus apparatus consists of 1 arteriovenous junctions, and 2 their cloak of glomus cells which contract during thermoregulation. 44 The proportions of vascular and glomus cell components seen microscopically result in variations on the name, which have no clinical bearing (eg, glomangioma, glomangiomyoma). The glomus cell component consists of nests and sheets of small, round, uniform cells with well-defined borders, amphophilic cytoplasm, and dark, punched-out nuclei ( Figure 13 ). Thin-walled vessels are distributed throughout. 45 SMA expression illustrates their myoid properties, and collagen IV envelopes individual cells ( Figure 14B inset) . Increased mitotic activity (N5/50 HPF), size N2 cm, and deep location (beneath muscular fascia) signal malignant potential. 46 Symplastic change has been described in several cases of glomus tumor and must not be overinterpreted as a malignant feature. 47, 48 The principal differential at scanning magnification may include adnexal tumors, but further examination unveils the characteristic appearance of the glomus family of tumors. Simple excision is the mainstay of treatment. 39 
Miscellaneous benign proliferations Digital mucous cyst
For the purposes of this discussion, digital mucous cyst will be considered as part of a spectrum of microscopic variation among mucous-containing lesions rather than as a unique clinicopathologic entity. One end of the spectrum overlaps with focal mucinosis, essentially embodying an exaggerated version of it (myxomatous type), whereas the other end of the spectrum exhibits a well-formed fibrous wall, sometimes connected to a joint space (ganglionic type). The typical clinical scenario is of an adult female patient presenting with a tense, smooth-surfaced, fluid-filled nodule on the dorsal aspect of the finger or toe (Figure 14) . Those overlying joints are more likely to have a fibrous wall (ganglionic type). Dermatoscopic examination finds linear branched and serpentine vessels that diminish when the lesion is compressed. The microscopic findings are further detailed in Figure 15 . The myxoid material is stromal mucin, which is highlighted by colloidal iron and Alcian blue (pH 2.5). Excision provides definitive treatment. 24,49-52 
Sclerosing perineurioma
A seminal paper detailed a variant of perineurioma with a distinctive preference for the hands. Men and women of nearly all ages have been affected. Lesions are typically solitary, presenting on the fingers and palms as a painless, skincolored papule, nodule, or small tumor measuring around 3 cm. Grossly, the tumors are fibrous, reflective of their dense, sclerotic collagen content. Lesional cells are arranged individually or in small clusters or nests, characteristically in a whorled or corded configuration. Cytomorphology ranges from spindled to epithelioid, with bland nuclear morphology. Cytoplasm can be rather inconspicuous amid the collagenous matrix ( Figure 16 ). The histologic differential includes a sclerotic dermatofibroma or collagenous fibroma. EMA immunohistochemistry can resolve this differential, shown by diffuse expression in the lesional cells of perineurioma. These are benign neoplasms. 53, 54 
Malignant neoplasms
A small but varied group of entities converges under the heading of malignant neoplasms. Wide local excision (most would agree that wide local excision entails an intact fascial layer or 1 cm of normal surrounding tissue 55 ) followed by close observation is the minimum treatment for these tumors. More aggressive care is necessary for epithelioid and clear cell sarcomas given that more than half of patients die within 10 years of these diagnoses, usually after a relentlessly progressive series of recurrences. [56] [57] [58] Interestingly, both tumors have a marked tendency for regional lymph node metastasis (up to nearly half of cases), an unusual feature for sarcomas, which usually disseminate hematogenously to the lungs. As a result, examination of regional lymph nodes radiographically (by sentinel lymph node biopsy or by lymphadenectomy) has been recommended. Neither epithelioid nor clear cell sarcoma is chemosensitive, and the benefits of radiotherapy appear modest at best; regardless, radiotherapy is often administered as part of the standard approach to soft tissue sarcoma. Extended surveillance is indicated, because recurrences can appear after decades of quiescence. 55, [57] [58] [59] [60] Acral myxoinflammatory fibroblastic sarcoma
There is a trend toward dropping the descriptor acral from the name of myxoinflammatory fibroblastic sarcoma because nonacral cases continue to emerge. 19, 61 "Inflammatory myxohyaline tumor" was a previous designation for this entity, 62 but the current name better captures the biologic potential and apparent morphogenesis. Myxoinflammatory fibroblastic sarcoma (MIFS) is a low-grade sarcoma with a fibroblastic phenotype that most often develops on the distal extremities of adults. The digits and web spaces of acral sites, especially on the hands, are the most common locations. Lesions present insidiously as ill-defined, usually painless, slow-growing masses infiltrating and possibly traversing soft tissue planes. Only rarely does the tumor extend superficially enough to ulcerate the epidermis or deeply enough to intersect with bone. Location in the hands lends consideration to a clinical diagnosis of GCTTS. Metastatic potential is low (2%), but recurrences are quite common, reported in up to 67% of patients. Radiotherapy has supplemented wide local excision in some cases, but data are limited on its utility. 61 Gross examination discloses a multinodular lesion measuring several centimeters and having a variably myxoid to fibrous cut surface. Microscopic findings parallel the gross findings, indicating a multinodular lesion with alternating zones of fibrous and myxoid regions ( Figure 17 A and B) . Constituent tumor cells range from spindled to epithelioid. A mixed inflammatory accompaniment is classic and can be exuberant, leading to an erroneous impression of an inflammatory lesion. Mitotic rate is usually low, commensurate with the low-grade biologic behavior. The most distinctive finding is the bizarre cytomorphology of ganglion-like cells and virocyte-like cells ( Figure 17C) . Additionally, enlarged, vacuolated "pseudolipoblasts" are also commonly found in the myxoid areas, reminiscent of myxofibrosarcoma. Immunohistochemical studies find variable expression of CD68, CD34, and SMA. Molecular studies can be sought for ambiguous cases, because translocation t(1;10)(p22;q24) has emerged as a genetic signature. This translocation links MIFS to hemosiderotic fibrohistiocytic lipomatous tumor (FHLT), which bears the same translocation. FHLT is a benign tumor occurring on the feet of adult women. Both MIFS and FHLT can display hemosiderin deposition, inflammatory cells, and plump fibrohistiocytoid cells, but FHLT has a fatty component and a lack of virocyte-like cells, and strongly expresses CD34. Cases of overlapping MIFS/FHLT have been described. 61, 63 The underlying pathobiology of MIFS and FHLT has yet to be elucidated.
Epithelioid sarcoma
The original description of epithelioid sarcoma in the literature depicted a sarcoma of young adult men manifesting a distinct predilection for the distal extremities, particularly the hands and forearms. 58, 64, 65 This description reflects what is now regarded as the classic or distal subtype of epithelioid sarcoma. The proximal subtype, described as a unique clinicopathologic variant, 66 is not further discussed herein. The tumor presents in either a superficial or deep location. Superficial lesions are described as a "hard woody knot" and usually do not limit mobility but can ulcerate later in the course. They may be mistaken for abscesses, infected warts, or granuloma annulare. Deeper lesions are often larger, presenting as an area of firmness or localized pain. Due to the young patient age at presentation, a benign diagnosis is often presumed initially, resulting in substantial diagnostic delays of several month. 60 Epithelioid sarcoma is adeptly named in two ways: 1) it mimics carcinoma in its pattern of metastatic spread to lymph nodes, as alluded to above, and 2) it mimics carcinoma microscopically and immunohistochemically. Microscopic assessment finds variably cohesive, polygonal cells with voluminous cytoplasm, sometimes growing in waves around a zone of necrosis ( Figure 18 ). The epithelioid phenotype is further identified immunohistochemically as clear expression of cytokeratins or EMA, usually diffusely. More than half of cases also have CD34 expression. The key marker in clinching the diagnosis is INI1, which has diffuse loss of expression throughout the tumor ( Figure 19C ), whereas normal cells retain expression. [67] [68] [69] This loss of INI1 expression by immunohistochemistry reflects aberrations of the SMARCB1/INI1 gene on chromosome 22, a characteristic feature of the emerging and ever-evolving family of SMARCB1/INI1-deficient neoplasms. 70 
Clear cell sarcoma
The designation "melanoma of soft parts" has become a relic of the past, because it is now known that clear cell sarcoma is a translocation-bearing sarcoma. Clear cell sarcoma (CCS) has in common with epithelioid sarcoma a preference for the extremities of young adults, but it lacks a clear gender predominance and involves the lower rather than upper extremities.
The foot is most commonly involved by a nonfluctuant, slightly mobile swelling or mass usually involving tendons or aponeuroses. Some patients complain of tenderness. The mass grows slowly and is sometimes present for years before presentation. 57, 71 Its slow growth combined with overall circumscription and modest size (usually b4 cm) 57, 72 could easily engender a deceptively benign clinical impression. 
